and right ventricle (RV) have differing hemodynamics and embryological origins, but it is unclear whether they are regulated differently. In particular, no previous studies have directly compared the LV versus RV myocardial inotropic responses to ␣1-adrenergic receptor (␣1-AR) stimulation. We compared ␣1-AR inotropy of cardiac trabeculae from the LV versus RV of adult mouse hearts. As previously reported, for mouse RV trabeculae, ␣1-AR stimulation with phenylephrine (PE) caused a triphasic contractile response with overall negative inotropy. In marked contrast, LV trabeculae had an overall positive inotropic response to PE. Stimulation of a single subtype (␣1A-AR) with A-61603 also mediated contrasting LV/RV inotropy, suggesting differential activation of multiple ␣1-AR-subtypes was not involved. Contrasting LV/RV ␣1-AR inotropy was not abolished by inhibiting protein kinase C, suggesting differential activation of PKC isoforms was not involved. However, contrasting LV/RV ␣1-AR inotropic responses did involve different effects on myofilament Ca 2ϩ sensitivity: submaximal force of skinned trabeculae was increased by PE pretreatment for LV but was decreased by PE for RV. For LV myocardium, ␣1-AR-induced net positive inotropy was abolished by the myosin light chain kinase inhibitor ML-9. This study suggests that LV and RV myocardium have fundamentally different inotropic responses to ␣1-AR stimulation, involving different effects on myofilament function and myosin light chain phosphorylation. myosin light chain phosphorylation; phenylephrine; calcium; myofilament THE LEFT VENTRICLE (LV) and right ventricle (RV) differ considerably. The LV is a thick-walled pressure pump that drives blood at high pressure through the systemic circulation. The RV has a thin free wall and acts as a volume pump to drive blood at low pressure through the pulmonary circulation. Recent studies indicate that the LV and RV derive from different cardiogenic progenitor populations (2). Despite these functional, structural, and molecular differences, it is not clear whether the LV and RV are regulated differently. ␤-Adrenergic receptor stimulation mediates positive inotropy for both LV and RV myocardium (6). However, no previous studies have directly compared the LV versus RV myocardial inotropic responses to ␣ 1 -adrenergic receptor (␣ 1 -AR) stimulation.
THE LEFT VENTRICLE (LV) and right ventricle (RV) differ considerably. The LV is a thick-walled pressure pump that drives blood at high pressure through the systemic circulation. The RV has a thin free wall and acts as a volume pump to drive blood at low pressure through the pulmonary circulation. Recent studies indicate that the LV and RV derive from different cardiogenic progenitor populations (2) . Despite these functional, structural, and molecular differences, it is not clear whether the LV and RV are regulated differently. ␤-Adrenergic receptor stimulation mediates positive inotropy for both LV and RV myocardium (6) . However, no previous studies have directly compared the LV versus RV myocardial inotropic responses to ␣ 1 -adrenergic receptor (␣ 1 -AR) stimulation.
Therefore, we determined LV and RV myocardial responses to ␣ 1 -AR stimulation and found them to be fundamentally different. Furthermore, we investigated whether different LV/RV ␣ 1 -AR inotropic responses involved differential activation of ␣ 1 -AR-subtypes or downstream protein kinase C isoforms, or involved different effects on myofilament function.
MATERIALS AND METHODS
Trabeculae. Hearts were removed from anesthetized male and female FVB mice (23-28 g) and flushed with modified KrebsHenseleit, as previously described (16) . The RV or LV was opened and a free-running trabecula dissected out (one per heart). The width, thickness, and cross-sectional area of trabeculae from the RV (147 Ϯ 17 m, 96 Ϯ 8 m, and 0.013 Ϯ 0.002 mm 2 , n ϭ 18) and LV (123 Ϯ 11 m, 99 Ϯ 8 m, and 0.011 Ϯ 0.002 mm 2 , n ϭ 23) were not different (P Ͼ 0.05). Trabeculae were mounted in a muscle chamber between a micromanipulator and force transducer, and sarcomere length was set to 2.1 m (16). Trabeculae were superfused with Krebs-Henseleit solution (2 mM bath [Ca 2ϩ ], at 22°C) and field stimulated (0.5 Hz pacing frequency and voltage 1.5ϫ threshold) (16) .
Inotropic responses. After 30-min equilibration, the nonselective ␣ 1-AR agonist phenylephrine (PE, 10 M) or ␣1A-AR-selective agonist A-61603 (10 nM) or the PKC activator phorbol 12,13-dibutyrate (PDBu, 1 M) was added to the superfusate. The ␤-AR antagonist timolol (10 M) and, for some experiments, PKC inhibitor bisindolylmaleimide (BIM, 3 M) or myosin light chain kinase inhibitor ML-9 (40 M) were present 30 min before and throughout agonist stimulation.
Myofilament function. After ␣ 1-AR inotropic responses fully developed, some trabeculae were demembranated using 1% Triton X-100, and in vitro myofilament function was assessed using steady-state contractions at various bath [Ca 2ϩ ] as recently described (16 
RESULTS
For RV trabeculae (Fig. 1A) , nonsubtype-selective ␣ 1 -AR stimulation with PE caused a triphasic contractile response with overall negative inotropy, consistent with previous studies (7) (8) (9) 14) . A brief rise of force (phase 1) was followed by a marked fall of force (phase 2) and then partial force recovery (phase 3). In marked contrast, LV trabeculae (Fig. 1B) had an overall positive inotropic response to PE that was also triphasic. The pooled data (Fig. 1C) show that the small rise of force in phase 1 was similar in RV and LV trabeculae. In contrast, the fall of force in phase 2 was much greater in RV compared with LV trabeculae, and the nadir of force decline was later. The rise of force in phase 3 was similar for RV and LV trabeculae, and the time of force plateau was similar. RV and LV trabeculae had similar baseline developed force (systolic minus diastolic force) (7.6 Ϯ 0.8 mN/mm 2 , n ϭ 18 vs. 7 Ϯ 0.7 mN/mm 2 , n ϭ 23, P Ͼ 0.05).
Previous studies suggest that ␣ 1 -AR subtypes mediate opposing inotropic responses in rat LV myocytes (5) . To investigate ␣ 1 -AR subtype function, we used the ␣ 1A -AR-subtypeselective agonist A-61603. Like nonselective ␣ 1 -AR stimulation with PE, A-61603 also mediated contrasting LV/RV inotropic responses, with net positive inotropy in LV trabeculae but net negative inotropy in RV trabeculae (Fig. 2A) . Thus differing ␣ 1 -AR inotropic responses of RV versus LV myocardium existed at the level of a single ␣ 1 -AR subtype response.
Stimulation of ␣ 1 -ARs can activate multiple PKC isoforms (11) . To investigate the role of PKC, we used the nonselective inhibitor BIM, which did not block ␣ 1 -AR inotropic responses for either RV or LV myocardium (Fig. 2B) , suggesting that PKC was not involved in ␣ 1 -AR inotropy. To confirm that PKC was inhibited by BIM, BIM completely blocked the inotropic response to the PKC activator PDBu (not shown). Moreover, PKC activation with PDBu caused negative inotropic responses in both RV and LV (Fig. 2B) , in contrast to the differing LV/RV responses to ␣ 1 -AR stimulation.
Previously, we found that ␣ 1 -AR-mediated negative inotropy in RV trabeculae involved decreased myofilament Ca sensitivity (7) . Therefore, we determined whether ␣ 1 -AR stimulation caused different effects on myofilament Ca 2ϩ sensitivity for LV and RV trabeculae. On reaching phase 3 of the inotropic response to PE, trabeculae were skinned. When compared with untreated controls, PE treatment before skinning caused the relationship between skinned fiber force and [Ca 2ϩ ] to shift to the left for LV trabeculae but, in contrast, shift to the right for RV trabeculae (Fig. 3) . Thus PE treatment before skinning caused greater myofilament Ca 2ϩ sensitivity in LV versus RV trabeculae. Consistent with this, fitting to the Hill equation showed that PE treatment before skinning caused lower EC 50 ([Ca 2ϩ ] at half-maximal force) for LV versus RV trabeculae (Fig. 3B) . Moreover, the F max for skinned RV trabeculae was reduced by PE pretreatment versus untreated controls (Fig. 3B) .
At 1 M bath [Ca 2ϩ ], pretreatment with PE caused higher force for skinned LV trabeculae (23 Ϯ 3 mN/mm 2 , n ϭ 5, P ϭ 0.02) but lower force for skinned RV trabeculae (7 Ϯ 1 mN/mm 2 , n ϭ 5, P ϭ 0.02) compared with untreated controls (14 Ϯ 2 mN/mm 2 , n ϭ 6). These different effects of PE pretreatment on skinned fiber contractions resembled the different LV/RV inotropic responses to PE. Indeed, for the subset of trabeculae used for skinned fiber studies, there was a significant positive linear relationship (P Ͻ 0.001) between ␣ 1 -AR inotropy (measured before skinning) versus subsequent skinned fiber force (Fig. 3C) .
In rat LV papillary muscle, ␣ 1 -AR-induced positive inotropy was abolished by the myosin light chain kinase inhibitor ML-9, but the transient phase of negative inotropy was not abolished (1). Consistent with this, for LV trabeculae, ␣ 1 -AR-induced net positive inotropy was abolished by ML-9 and converted to net negative inotropy (Fig. 4A, P Ͻ 0.05, paired t-test) . Moreover, negative inotropy in phase 2 was not abolished but instead was more pronounced (P Ͻ 0.05), and the nadir occurred later (P Ͻ 0.001).
For RV myocardium, the effects of ML-9 were less pronounced. The partial recovery of force during phase 3 of ␣ 1 -AR inotropy was eliminated by ML-9 (Fig. 4B) . Moreover, the nadir of force decline for phase 2 was delayed (P Ͻ 0.05). As previously reported (1), ␤-AR-mediated positive inotropy was not affected by ML-9 (not shown).
DISCUSSION
The novel finding here was that under identical conditions, ␣ 1 -AR stimulation caused net negative inotropy in RV trabeculae but net positive inotropy in LV trabeculae. Different LV/RV inotropy also arose from stimulation of only one of the three major ␣ 1 -AR subtypes in the heart (␣ 1A -AR) suggesting that differential activation of ␣ 1 -AR-subtypes was not involved. Different LV/RV ␣ 1 -AR inotropy was not abolished by PKC inhibition, suggesting that ventricle-specific activation of different PKC isoforms was not involved. However, with prior ␣ 1 -AR stimulation, submaximal force of skinned fibers was increased in LV trabeculae but decreased in RV trabeculae versus untreated controls. Thus contrasting effects on myofilament function may explain, at least in part, contrasting LV/RV ␣ 1 -AR inotropy.
Phosphorylation of myosin light chain 2 (MLC-2) sensitizes cardiac myofilaments to Ca 2ϩ (3) and has been implicated in ␣ 1 -AR-induced positive inotropy (1) . For LV trabeculae, we found that the MLC-2 kinase inhibitor ML-9 abolished the late phase of positive ␣ 1 -AR inotropy and resulted in overall negative ␣ 1 -AR inotropy. Likewise for RV trabeculae, ML-9 abolished the late phase of positive ␣ 1 -AR inotropy. However, with ML-9, the overall ␣ 1 -AR inotropic response was reduced more in LV (48%, Fig. 4A ) than in RV trabeculae (19%, Fig.  4B ). These results are consistent with a role for MLC-2 phosphorylation in ␣ 1 -AR-induced positive inotropy (3) and suggest that this mechanism may be more important in LV versus RV myocardium. Interestingly, a marked gradient of MLC-2 phosphorylation across the myocardium was reported (4); it will be interesting to know if this gradient extends to the LV versus RV.
With ML-9, the time to the nadir of negative ␣ 1 -AR inotropy in phase 2 was prolonged and was similar for both RV and LV trabeculae. This suggests that without ML-9 the transient negative inotropy in phase 2 was abbreviated due to the ensuing positive inotropy in phase 3. Thus, for LV trabeculae, ␣ 1 -AR-induced positive inotropy in phase 3 may contribute to the briefer negative inotropy in phase 2 relative to RV trabeculae.
The inotropic response to ␣ 1 -AR stimulation has remained uncertain because it has varied considerably among studies and may be influenced by experimental conditions (12) . The present study indicates that use of RV versus LV myocardium is a major experimental factor that can dramatically influence ␣ 1 -AR inotropy. In mouse myocardium the present results may reconcile some previously conflicting findings. We and others have shown that ␣ 1 -AR stimulation causes a negative inotropic response in mouse RV trabeculae and muscle strips (7-9, 14) .
In contrast, we and others recently found that ␣ 1 -AR stimulation causes a positive inotropic response in Langendorff-perfused mouse hearts (10, 15) . These differing results may reflect contrasting LV/RV ␣ 1 -AR inotropy because the trabeculae and muscle strips were derived from the RV, whereas Langendorffperfused hearts reported on LV function.
The myocardial properties of RV trabeculae or papillary muscles are often assumed to be representative of myocardium throughout the heart. However, the LV and RV are different in both ontogeny and hemodynamics. The present findings reveal fundamentally different LV/RV myocardial responses to ␣ 1 -AR stimulation. Comparison of our findings in mice to other species will be important. Mice are similar to humans in cardiac ␣ 1 -AR abundance (whereas ␣ 1 -AR abundance is much higher in rats) (13) .
Although the relationship between the present findings and in situ heart function is unclear, contrasting LV/RV ␣ 1 -AR inotropy could lead to complex hemodynamic regulation. Thus greater understanding of the functional effects of ␣ 1 -AR stimulation is critical. For example, with heart failure, ␣ 1 -ARs should become more activated because catecholamines are elevated and ␤-ARs downregulated.
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